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Combining Panchromatic and Multispeetral 
Imagery from Dual Resolution Satellite Instruments 

JOHN C. PRICE 

USDA-ARS Remote Sensing Research Laboratory, ASRI, Beltsville, Maryland 2070,5. 

A procedure is developed for combining high spatial resolution panchromatic data with lower resolution multispectral 
data in order to produce high spatial resolution digital data in multispectral |onn. Data simulating the French SPOT 
satellite were processed to resemble high altitude aerial photography, but image artifacts can hamper photointerpreta- 
tive methods. 

Introduction (USDA, 1982). At present photointerpre- 
tation of aerial photography is being con- 

Since the launch of Landsat 4 in 1982 sidered for assessing land use and land 
the scientific community has been pro- condition. Application of automated tech- 
vided with high quality digital images of niques to digital satellite data may be an 
the earth's surface. In the mid and late effective tool at some future time, 
1980s data of 10 m spatial resolution will depending on the quality and cost of 
be acquired from the Satellite Pour l'Ob- satellite data, and the availability of pro- 
servation de la Terre (SPOT), and future cedures for extracting the desired assess- 
Landsat satellites will add a 15 m pan- ment of large areas. 
chromatic band to the current 30 m In this paper a technique is developed 
Thematic Mapper channels. Such data for combining dual resolution digital data, 
provide opportunities for detailed ob- as from SPOT and the planned Thematic 
servation of processes at the earth's Mappers, to produce high spatial resolu- 
surface, and for mapping of urban areas tion multispectral data. The goal of this 
and description of land use. As pointed work is essentially equivalent to that of 
out in a recent paper by Cliche et al. Cliche et al. (1985), except that the anal- 
(1985), the SPOT data may be processed ysis is based on statistical properties in 
by image enhancement algorithms to yield the data, rather than an ad hoc approach 
visual products resembling color aerial which seeks an optimum image display. 
photography. In particular, the analytic approach may 

Although many applications of such serve as a basis for design of future earth 
data will involve mapping of urban and observing systems, and the resultant 
suburban areas, there are possible uses products, representing a reconstruction of 
requiring both high spatial resolution and high spatial resolution multispectral data 
large area coverage. For example, each 5 from a sampled data set, are suitable for 
years the Soil Conservation Service of the further numerical studies, such as com- 
U. S. Department of Agriculture carries puter classification. The basis for the 
out an inventory of the condition of non- technique depends on the substantial re- 
federal rural lands in the United States dundancy existing in most high resolution 
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mtdtispectral satellite data. This re- In this paper "information" is used in 
dundancy implies that properly chosen the original sense of Shannon (1948), i.e., 
data subsets, as from SPOT, may be as a statistical representation of the vail- 
processed to yield data simulating that ability in a data set. As has been pointed 
from a less sophisticated but more power- out (Ter Harr, 1961; Price, 1984b), the 
ful (and expensive) observing instrument, term "entropy" is often used in the en- 

Despite the attractiveness of this ap- gineering literature as a synonym for the 
proach some sacrifices are expected when word "information," despite the possibil- 
the data acquired by a remote instrument ity of confusion with the thermodynamic 
represent a sample rather than a corn- definition of entropy. In this paper infor- 
plete coverage high resolution multispec- mation refers to the variability of a set of 
tral data set. Variability associated with a observations having a probability distil- 
number of unknown causes cannot be bution p/, 
fully removed, so that resultant data 
products have a residual noise compo- DN,,~ 
nent. The construction of high spatial H = -  Y'~ pilog2pi, 
resolution data sets from combined pan- ~= 0 
chromatic and multispectral data is dis- 
cussed in the next section. In the third where the Pi represent the probability of 
section the limitations of the planned a given measurement value, often called 
technology for image analysis are il- digital number or DN. For example, a 
lustrated through an example drawn from series of observations corresponding to 

random numbers in the range of 0-255, Thematic Mapper data. In some cases 
with each value having a probability of image artifacts may be present which are 
1/256, has an information value of distracting at best and which may con- 

fuse photointerpretation. 255 

H = - Y~ (1/256)Iog2(1/256) = 8 bits. 
Estimation of 10-m Multispectral Data /= 0 

In several recent papers (Price, As discussed by Price (1984a), 
1984a, b) the substantial redundancy of Thematic Mapper data from agricultural 
Landsat and SPOT simulation data has areas generally are rather restricted in 
been illustrated by computation of the range, and tend to group about a mean 
information content of actual data, as value, yielding an information content of 
compared with the information which 4 -5  bits per pixel per spectral channel 
could, in principle, be acquired by the instead of the theoretically possible 8 bits. 
remote sensor. It appears that in a typical Correlation among spectral channels fur- 
agricultural scene the information con- ther reduces the information content of 
tent represents about 40% of the data multispectral data. The choice of spectral 
length of standard format digital data. channels for the SPOT instrument results 
Thus, in principle, such data could be in a very high correlation among channel 
encoded and compressed by approxi- 1 (0.50-0.59 /Lm), channel 2 (0.61-0.68 
mately 60% without reducing the utility /zm), and channel 4, the panchromatic 
of the data. channel (0.51-0.73/zm). Thus the count 
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values from each pixel in one of these smaller. In fact, the 10 m SPOT data can 
channels may be used to predict the count be encoded in the spacecraft in an 
value of this pixel in the others, to within 8 - 5 - 5 - 8  format for four successive pixels, 
a small probable error. A joint probability with the 5-bit data words representing 
function may be computed from which it the difference between the actual count 
is possible to estimate the reduction of value and the interpolated value derived 
information content associated with the from the end-point 8-bit words. Obvi- 
redundant spectral channels (Malila, ously, the 5-bit words cannot, in general, 
1985). It is this redundancy which per- retain the flfll accuracy of the 8-bit val- 
mits the estimation or reconstruction of ues, but a lookup table with expanded 
high spatial resolution multispectral data. ranges for the large (and improbable) dif- 

Because the scale of 10 and 20 m reso- ference values is used to retain the major 
lution data is much smaller than the typi- part of the information of the full 8-bit 
cal scale of spatial variability for most data. 
land areas there is a pronounced tend- As illustrated in Fig. 1, the dual resolu- 
ency for spatial redundancy in the image tion image data from SPOT and the fu- 
data, i.e., each pixel tends to be similar to ture Thematic Mappers combines the 
the surrounding ones. This suggests the spectral redundancy due to the overlap of 
use of a suitable transformation, e.g., a the spectral intervals in the visible, with 
delta or difference transformation, in the spatial redundancy of the panchro- 
which each pixel value except the first is matic channel, as four 10-m pixels lie 
replaced by its difference with its neigh- within a single multispectral pixel. Be- 
bor in the data stream. This has the effect cause the 10-m data are very highly corre- 
of replacing larger numbers representing lated with channels 1 and 2, but much 
the sateflite observed radiances, with the less correlated with channel 3, the two 
differences, which are generally much cases will be discussed separately. The 
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FIGURE I. The considerable spatial and spectral redundancy of the 10 and 20 m data perudts the 
construction of high resolution mtdtispectral data. 
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methodology to be developed resembles If b,, 4 is zero, then this result is the same 
the procedure used in the treatment of as that used in the SPOT simulation pro- 
the SPOT simulation data (SPOT Image gram (SPOT Image Corp., 1983, p. 25), 
Corp., 1983). i.e., 

Combination of channels /4j/[ 4 4il 
1 and 2, and panchromatic data xi~'j = X~'x 0.25 ~ x . 

From statistical analysis of the SPOT L j = 1 .1 
data one finds that data from channels 1 
and 2, and the panchromatic channel, to However, b is generally nonzero. 
be numbered 4, are all highly correlated. The validity of this procedure was 

tested using SPOT simulation data from 
Thus 

Washington, DC. Since 10-m four-chan- 
X~" = a,,,,X'~ + b . . . .  m :~ n = 1,2,4 nel data were not available, the verifica- 

tion was carried out by averaging the 

where the superscript represents the three channels of 20-m data and the single 
channel number, the subscript i the pixel channel 10-m data to 40 and 20 m, re- 
number, i.e., on an image line, and a,,,, spectively. Application of the above pro- 
and b,,,, are determined by a best-fit cedure to the averaged data produced 
procedure to a sample of the data. This 20 m values for channels 1 and 2, which 
relationship is sufficient to estimate the were compared with the original true val- 
10-m multispectral values from the chan- ues at 20-m resolution. Residual errors 

were of the order of 2 counts as com- nel 4 data with a high degree of accuracy. 
The residual error may be reduced by pared to the standard deviation of about 
using the known value of the 20-m pixels 20 cotmts in the original data, i.e., the 
for channels 1 and 2, as follows: Let the 20-m channel 4 data described 99% of the 

variance of 40-m data in channels 1 and smaller (10 m) pixels be identified by xi,, 
j = 1-4. Then using the channel 4 values 2. This suggests that the panchromatic 
to estimate 1 and 2, data can provide an excellent estimate of 

the 10 m values in channels 1 and 2. 

XI' j ~- am4x4j + b,, 4 + 8"'ij, m = 1,2 
Combination of 
Channel 3 and panchromatic data 

where 8ij is the error in the estimated 
value x i' ~. However, the average of the The procedure described in the previ- 
four subpixel values must equal the mea- pus subsection is unsatisfactory for the 
sured value X~" of the 20-m pixel. Thus channel 3 data because the visible and 
one may compute a correction factor f = near infrared spectral channels are not 
X m 4 ,, h /[0.25F~j=lx~, ] sue that the correct linearly related. In the SPOT Simulation 
sum is obtained for the four 10-m pixels, Program cubic convolution interpolation 
i.e., was used to create 10-m pixels from the 

20-m data. This method discards entirely 
x ;'j = X m(a.,4 x 4 + bm 4 ) /  the information provided by the panchro- 

matic channel of data. In addition, it does 
[0.25~__(am4x4+bm4)]. not satisfy the integral property that the 

1 four 10-m pixels must average to the 20-m 
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value. A scaled one-dimensional example where ~3(x4) is the mean value of x 3 for 
is appropriate;  if a measurement  S i is all picture elements in the image which 
obtained at x = 0, representing the inter- have the given value x 4. These 256 values 
val ( - 1 / 2 ,  1 /2 ) ,  then interpolated for x 3 ( I )  for I = 0-255 are obtained while 
values S~1 at - 1 / 4 ,  representing the the a, ,  n and bran values are being de- 
interval ( - 1 /2 ,  0) and S~2, at + 1 /4 ,  rived for channels 1 and 2. Derivation of 
representing the interval (0, + 1/2) ,  must 10-m data for channel 3 is thus a simple 
average to the original value S i. How- lookup of the predicted value, given from 
ever, from cubic convolution the values the known value of x 4. The resulting four 
are given by S~1= 0.070Si_ 2 +0.227Si_ 1 nested pixels are then corrected as in B 
+ 0.867S~ - 0.023S~+ 1 and Si2 = - for the fact that  the initial estimate of the 
0.023Si_1+0.867Si+0.227S~÷1-0.070Si÷2, sum does not generally agree with the 
with the average equal to - 0.035(S~ 2 + measured value. 
S~÷2)+0.102(S~_ 1 + Si÷1)+0.867S ~. We This technique was applied to aver- 
note in passing that "cubic convolution" aged 10- and 20-m data as described in 
is no longer uniquely defined, as the coef- the previous subsection. This procedure is 
ficients used for interpolation of Landsat only moderately successful, with the pre- 
MSS data were modified at some point in dicted values for channel 3 accounting for 
t ime during application to Thematic about 75% of the variance of the original 
Mappe r  data  (Fischel, 1984) These data. Several alternative algorithms were 
weighting coefficients are given by tested, with nearly identical conclusions; 

i.e., there does not seem to exist a general 
procedure which can derive highly accu- 

w 1 = a d ( 1 -  d )  2, rate values for 10-m pixels of channel 3. 
w 2 = (a  + 2 ) d  3 - (a + 3 ) d  2 + 1, The  reason is readily established from 

inspection of the two-dimensional histo- 
w 3 = - ( a + 2 ) d ~ + ( 2 a + 3 ) d Z - a d ,  gram of channel 3 data vs. channel 4 

w 4 = ad2(1 - d ), data, as illustrated in Fig. 2. 
Evidently low values of reflectivity in 
channel  4 may be associated either with 

with a = - 1 for MSS data and older low values of reflectivity in channel 3, as 
Themat ic  Mapper  data, and a = - 1 / 2  from shadows or water, or with high val- 
for newer  Thematic  Mapper data. Here d ues of reflectivity in channel 3 due to 
is the distance (0,1) from point x 2 and x 3 vegetation. Low correlation between 
in the series of four points, x 1, x2, x3, x4. spectral channels is favorable for spectral 

A more general relationship than the differentiation and classification, but  un- 
linear fit of the previous subsection be- favorable for inference of high spatial res- 
tween  the 10-m data and coregistered olution multispeetral values from dual 
20-m data is obtained by computing the spatial resolution data. The channel 3 am- 
expected (mean) value for channel 3 for b i g u i t y  is especially severe in the 
each given value in channel 4, after the Washington,  DC scene which was used 
10-m data have been averaged to 20 m. for this study, as many city pixels contain 
Thus  both shadows of buildings and trees. The 

problem is expected to be less severe for 
x~i(x4)  =~3(x4) ,  agricultural scenes, but the accuracy of 
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FIGURE 2. Two-dimensional histogram of SPOT channels 4 and 3, 
illustrating that a value in channel 4 does not specify adequately the 
value in channel 3, especially for low values in channel 4. 

the procedure depends on the nature of section. Considerable detail is evident, 
the scene, in general, suggesting that the increased spatial reso- 

Although derivation of the fitting lution (10 m) of SPOT data will be of 
parameters for the spatial interpolation great value for studies of urban land use 
appears to require an additional step of and for photointerpretation generally. 
computation, such statistical properties Figure 4 shows that even very small fea- 
may be readily obtained during calibra- tures may be inferred from the 10-m data 
tion and production processing of the under optimum conditions. 
satellite data before distribution to data Unfortunately, even the high spatial 
users (e.g., NASA, 1978). resolution data are susceptible to sam- 

pling limitations due to within pixel aver- 
Artifacts and Spatial Interpolation aging. This averaging can produce 

peculiar effects when evaluated by photo- 
With the advent of higher spatial reso- interpretation. From canals on Mars to 

lution digital data it is possible to resolve linears as mapped by geologists, line seg- 
not only evidence of man's influence on ments produce a strong response from 
the earth's surface, such as agricultural the human visual system. Caution must 
fields, dams, street and road patterns, be exercised when high contrast linear 
etc., but also considerable spatial detail in features are present in image data. The 
these features. Figure 3 illustrates com- following example and its quantitative ex- 
bined panchromatic and multispectral planation illustrate the potential problems 
imagery of the nation's capitol in the associated with narrow linear features as 
District of Columbia, as derived from the well as a possible solution for image 
methodology described in the previous restoration. However, there appears to be 
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FIGURE 3.' Washington, DC: the Capitol building is at the center of the 2.5 km square area. 

no general procedure for eliminating recorded by the Landsat 4 Thematic 
artifacts except oversampling, i.e., imag- Mapper on 12 December 1982 (Scene ID 
ing each point more than once. Of course, 40149-17444). The peculiar ladderlike ap- 
oversampling provides very little ad- pearance results from the scale of the 
ditional information about the land display, where magnification permits dis- 
surface, serving mostly to smooth out the crimination of individual detector re- 
image defects which occasionally result sponses as they cross over the road 
from the 1-1 sampling of instruments surfaces. Figure 6 illustrates an idealized 
such as SPOT and the Landsat Thematic nadir view of a narrow dark linear feature 
Mappers. in Fig. 6(a), the averaging effect of the 

Figure 5 illustrates the appearance of large pixel size and the resultant detector 
dark, narrow strips, i.e., parallel roads " responses for three adjacent detectors in 
separated by several hundred meters, as Fig. 6(b), and an analytic solution in Fig. 
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FIGURE 4. Under optimum conditions features as small 
as automobiles may be recognized in the SPOT 10 m 
data. Cars are not resolved in the matching aerial pho- 
tography, but their placement with respect to lane 
markers is sufficient for positive identification. 
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FIGURE 5. Thematic Mapper image of a divided high way 15 km west of Blythe, CA. The striping represents 
responses of individual detectors. 
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FIGURE 6. Schematic representation of a single narrow line (road) 
as viewed from above (a), the corresponding outputs for adjacent 
detectors (b), and the solution for the relative detector/road angle, the 
width of the road, and the reflectivity of the road, given idealized 
measurements (c). Note that the result is not produced by scan 
direction; i.e., the same image would be produced by scan motion in 
the perpendicular direction. 

6(c), assuming a background reflectivity ground, etc., strongly suggest using aver- 
a, and a road reflectivity given by a r. ages from a number of appropriately 
Although solution for 0, w, and a r is shifted image lines. If the configuration is 
possible in this idealized case, given the recognizable by an image analyst, then 
continuous trace from only the one detec- magnification and interpolation may be 
tor, in practice the uncertainty in estimat- used to restore the linear features to 
ing the rounding width (d), the change their accustomed appearance. While an 
in detector output as compared to back- image analyst may readily identify this 
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